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Brain myelin proteolipid has been investigated using high-sensitivity differential scanning calorimetry (DSC) 
under various conditions. Crude proteolipid with a 40% (w/w) content of protein gave rise to a reversible 
transition, centered at about 60°C. The specific enthalpy of the transition was 505 5 J.g-’ with a calorimet- 
ric to van? Hoff enthalpy ratio of 5.7f0.5. To our knowledge this is the first intrinsic membrane protein 
in which a reversible thermal transition has been detected and investigated by DSC. Similar experiments 
were carried out using the recombinants of delipidated proteolipid and the pool of natural membrane lipids; 
in this case the transition was less enthalpic and showed lower cooperativity. The recombinants with leci- 
thins, however, did not show any transition at 60°C. 
Myelin Basic protein Proteolipid DSC 
1. INTRODUCTION 
The thermal behaviour of natural and model 
biomembranes has been the subject of many 
studies carried out using DSC. Although the aim 
of many of these studies has been to investigate the 
protein-lipid interaction itself, in most calorimetric 
biomembrane investigations the emphasis of the 
research has in fact been directed more towards the 
influence of proteins on the thermal properties of 
the lipids than towards the proteins themselves 
[1,2]. DSC studies of membrane proteins are dif- 
ficult with respect o problems of purification, oc- 
casional irreproducibility of calorimetric scans and 
the usual irreversibility of their thermal transitions 
when they do occur [3-61. It is noteworthy that 
Abbreviations: DSC, differential scanning calorimetry; 
PLP, myelin proteolipid; BMP, basic myelin protein; 
DMPC, 1,2-dimyristoyl-sn-glycero-3-phosphocholine; 
DPPC, 1,2-dipalmitoyl-sn-glycero-3-phosphocholine 
Enthalpy Reversible thermal transition 
DSC is at present the most direct technique for ob- 
taining the whole thermodynamic description of a 
protein, including its definition in terms of 
cooperative domains and their interactions, as in 
the case of several water-soluble proteins [7-lo]. 
We present here a report on the thermal transi- 
tion induced in an important membrane protein, 
the brain myelin proteolipid [ 111, by means of 
high-sensitivity DSC. This may be the first case of 
an intrinsic membrane’protein undergoing a whol- 
ly reversible, temperature-induced, conforma- 
tional transition. Some reconstituted PLP mem- 
branes also show this reversible effect, although 
the type and role of the lipids used in the 
reconstitution appear to be crucial. 
2. EXPERIMENTAL 
Crude PLP was obtained from bovine white 
matter according to Folch and Lees [12] with the 
modifications described by Monreal [ 131. The 
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preparation contained 60% (w/w) of lipid and less 
than 4% of BMP and other minor components. 
The delipidated PLP was obtained from the crude 
fraction as described by Aguilar et al. [ 141. The 
pool of natural lipids we used was obtained in 
powder form by lyophilization of the pool of the 
water-n-butanol solutions, collected by dialysis 
and ultrafiltration during the delipidation pro- 
cedure. The purity of the samples was routinely 
checked by SDS-polyacrylamide gel elec- 
trophoresis. Samples A and B refer to the 
lyophilized powders obtained from two separate 
PLP solutions during the delipidation according to 
Aguilar et al. [14]. Sample A was collected at the 
end of two consecutive dialyses against water-n- 
butanol. Sample B underwent, in addition, two 
ultrafiltration steps with the same solvent. Pure 
BMP was obtained by the method of Oshiro and 
Eylar [15]. The protein and phosphorus contents 
of all preparations were determined according to 
Lowry et al. [16] and Ames and Dubin [17], 
respectively. 
Suspensions of crude PLP and samples A and B, 
as well as BMP solutions, were prepared by the ad- 
dition of water, and their concentrations deter- 
mined by weight. The recombinants of delipidated 
PLP with DMPC, DPPC and the pool of natural 
lipids were prepared by mixing stock benzene solu- 
tions of the lipid and protein in appropriate pro- 
portions and freeze-drying overnight. The resul- 
tant dry powder was dispersed in water at 40°C (or 
50°C for DPPC) by vortex-mixing for 5 min. The 
final protein concentration was always between 0.5 
and 2 mg/cm3. 
Calorimetric experiments were carried out in a 
high-sensitivity DSC DASM-1M [18] at a heating 
rate of 0.5 K/min. DSC thermodynamic 
parameters were calculated as in [lo]. The M, 
values used for PLP and BMP were 30000 and 
18 000, respectively, from their known sequences 
[19,20]. 
3. RESULTS AND DISCUSSION 
The DSC profile corresponding to crude PLP is 
shown in fig.1. The process is highly reproducible 
and reversible except for the small shoulder 
centered at about 73°C which disappears on 
reheating the sample. DSC control experiments of 
the natural lipids included in the crude PLP do not 
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Fig.1. Original calorimetric recording of crude PLP in 
water. (-) First heating, (---) reheating of sample. 
c = 1.1 mg/cm3. 
show any type of transition and, since PLP is 
responsible for more than 90% of the protein con- 
tent in that crude preparation, the above transition 
practically corresponds to the thermal unfolding of 
PLP. The shoulder in fig.1 has been assigned to 
the presence of a low percentage of BMP by carry- 
ing out DSC crude PLP experiments with addi- 
tional BMP (not shown), whereupon the shoulder 
becomes a small irreversible peak, also centered at 
about 73°C. 
The specific enthalpy of the main transition, 
once the shoulder contribution is eliminated, has 
been found to be 50 + 5 J. g-’ (averaged over 6 in- 
dependent measurements). The calorimetric to 
van’t Hoff molar enthalpy ratio calculated is 
5.7 f 0.5. There are few DSC studies of mem- 
brane proteins in the literature to date [3-61 and 
the thermal transitions in these have always been 
found to be irreversible. The enthalpy value found 
here is nearly twice that of all water-soluble pro- 
teins with a similar melting temperature, except for 
collagen, which is about 75 J .g-’ at 60°C [9]. We 
have proposed a model for PLP in the myelin 
membrane [21] where there are 5 hydrophobic 
transmembrane helical segments. The high en- 
thalpy expected for the breaking of one hydrogen 
bond in such non-polar media [9] should give rise 
to an extremely high enthalpy, which could easily 
explain the value found here. It is also tempting to 
relate the calorimetric to van’t Hoff enthalpy ratio 
of about 6 to the 7 theoretical domains which are 
envisaged in our PLP model, i.e. the 5 transmem- 
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brane segments and the 2 hydrophilic regions, the 
extracellular and cytoplasmic one [21]. 
All these results are apparently in disagreement 
with the absence of any protein transition reported 
by Curatolo et al. [22] when studying DMPC-PLP 
recombinants using DSC. In fact we obtained the 
same results as Curatolo et al. when we extended 
their studies on the influence of PLP in both 
DMPC and DPPC order-disorder transitions, in- 
cluding high protein/lipid ratios [23]. To deter- 
mine whether PLP suffered some irreversible 
alteration during its puri~cation, we followed the 
PLP purification procedure from crude PLP using 
DSC at each stage. We found that preparation A 
(see section 2) gave a temperature-induced, reversi- 
ble, conformational transition at 60°C also but 
with lower specific enthalpy and cooperativity. 
DSC investigation of preparation B and of the fur- 
ther steps in PLP purification showed no trace at 
all of thermal transition. 
There is, however, an alternative explanation 
which requires the presence of some specific lipids 
for PLP to undergo the transition. To clarify this 
point we carried out DSC experiments with PLP 
recombinants using the pool of natural lipids (see 
section 2) removed during PLP purification from 
crude PLP. Remarkably this recombinant did 
show a thermal transition centered at around 60°C 
with an enthalpy value and cooperativity similar to 
those of sample A, both being completely reversi- 
ble. It is then evident that the presence of certain 
natural lipids, perhaps in minimal quantities, is a 
prerequisite for the PLP reversible transition. 
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Fig.2. Thermal DSC profile of the recombinant of pure 
delipidated PLP with the pool of natural lipids in water. 
(----- ) First heating, (---) reheating of sample. c = 
1.1 mg/cm3. 
We would finally like to emphasize the fact that 
to our knowledge this is the first intrinsic mem- 
brane protein in which a reversible thermal transi- 
tion has been detected and investigated’ by DSC. 
We have also shown how some natural lipids are 
necessary for this membrane protein to undergo a 
given conformational transition. 
ACKNOWLEDGEMENTS 
This work has been supported by the Comision 
Asesora and Fondo de Investigaciones Sanitarias. 
One author (J.L.L.) is a PI0 fellow. The technical 
assistance of Mrs E. Rubio is gratefully 
acknowledged. 
REFERENCES 
Ul 
14 
131 
I41 
VI 
t61 
171 
WI 
PI 
WI 
1111 
I121 
1131 
P41 
WI 
tl61 
Mabrey, S. and Sturtevant, J.M. (1978) Methods 
Membrane Bioi. 9, 237-274. 
Cortijo, M. Aionso, A., Gomez-Fernandez, J.C. 
and Chapman, D. (1982) J. Mol. Biol. 153, 
597-618. 
Jackson, M.B. and Sturtevant, J.M. (1978) 
Biochemistry 17, 911-91.5. 
Brouillette, C.G., Compans, R.W., Brandts, J.F. 
and Segrest, J.P. (1981) J. Biol. Chem. 257, 12-15. 
Farach, M.C. and Martinez-Carrion, M. (1983) J. 
Biol. Chem. 258, 4166-4170. 
Kresheck, G.C., Adade, A.B. and Vanderkooi, G. 
(1985) Biochemistry 24, 1715-1719. 
Privalov, P-L. (1979) Adv. Protein Chem. 33, 
167-241. 
Privalov, P.L., Mateo, P.L., Khechinashvili, 
N.N., Stepanov, V. and Revina, L. (1981) J. Mol. 
Bioi. 152, 445-464. 
Privalov, P.L. (1982) Adv. Protein Chem. 35, 
l-104. 
Mateo, P.L. (1984) in: Thermochemistry and Its 
Applications to Chemical and Biochemical Systems 
(Ribero da Silva, M. ed.) pp. 541-568, Reidel, 
Amsterdam. 
Morel& P. (1977) Myelin, Plenum, New York. 
Folch, J. and Lees, M. (195 1) J. Biol. Chem. 191, 
807-817. 
Monreai, J. (1975) J. Neurochem. 25, 539-541. 
Aguilar, J.S., De Cozar, M., Criado, M. and 
Monreal, J. (1983) J. Neurochem. 40, 585-588. 
Oshiro, Y. and Eylar, E.H. (1970) Arch. Biochem. 
Biophys. 138, 606-613. 
Lowry, D.H., Rosebrough, N.J., Farr, A.L. and 
Randall, R.J. (1951) 3. Biol. Chem. 193, 265-275. 
223 
Volume 197, number 1,2 FEBS LETTERS March 1986 
[17] Ames, B.D. and Dubin, D.T. (1960) J. Biol. Chem. 
235, 769-775. 
[18] Privalov, P.L., Plotnikov, V.V. and Filimonov, 
V.V. (1975) J. Chem. Thermodyn. 7, 41-47. 
[19] Stoffel, W., Hillen, H., Schroeder, W. and 
Deutzmann, R. (1982) Hoppe-Seyler’s. Z. Physiol. 
Chem. 363, 855-864. 
[20] Eylar, E.H., Brostoff, S.W., Hashim, G., Gaccam, 
J. and Burnett, P. (1971) J. Biol. Chem. 246, 
5770-5776. 
[21] Cortijo, M., De Cozar, M., Mateo, P.L., Moreno, 
M.C. and Monreal, J. (1985) Biophys. J., 
submitted. 
[22] Curatolo, UT., Skura, J.D., Small, D.M. and 
Shipley, G.G. (1977) Biochemistry 16, 2313-1319. 
(231 Cortijo, M., Lopez-Lacomba, J.L., Moreno, M.C. 
and Mateo, P.L. (1985) II International 
Symposium on Biothermodynamics, A4, Schloss 
Seggau, Austria. 
224 
